We studied the effect of N fertilization on yellow berry (YB) in triticale (X Tnticosecale Wittmack) and the anatomical, protein, and amino acid differences between YB and normal kernels of several triticale lines. Some bread (Tnticum aestivum L.) and durum (T. durum L.) wheats were also included for comparison. Increased N fertilization significantly reduced YB incidence. Triticale lines differed significantly in YB incidence, implicating genetic factors in YB expression. Scanning electron microscopy revealed that normal kernels have a more dense endosperm protein matrix than do YB types. Endosperm and aleurone cells generally fractured around the starch granules and cytoplasm, respectively, in YB kernels. The total protein content of YB kernels was generally 1 to 1.5% lower than in normal kernels. The YB kernels contained significantly more lysine as percentage of protein, but less aspartic acid and glutamic acid than normal kernels.
T HE yellow berry (YB) phenomenon is described as an endosperm maldevelopment that gives kernels a yellowish color and is caused by lower protein content. It has received much attention, since the reduced protein level in YB kernels in both bread wheat (Triticum aestivum L.) and durum wheat (T. durum L.) adversely affects milling and baking quality. Nitrogen deficiency and excess soil moisture accentuate YB character (Davidson, 1922; Finney et al., 1957; Sosulski et al., 1963; and Robinson et al., 1977) . The timing of N application also affects kernel protein and YB (McNeal et al., 1963) . Soft wheats, which resemble YB types, are grown in areas of high rainfall and low fertility, whereas hard wheats are generally grown under conditions of high fertility and low moisture (Simmonds, 1974) . Recently Waines et al. (1978) reported 9 to 28% less protein, higher lysine and threonine contents, and lower glutamic acid content in YB than in normal bread wheat kernels.
The magnitude of the yellow berry problem in hexaploid triticale (X Triticosecale Wittmack) has not been reported. This study was undertaken to determine the effect of fertilization on YB and to study the anatomical and protein differences between normal and YB kernels of several triticale lines grown in a soft wheat culture region characterized by fairly high rainfall and low soil fertility.
MATERIALS AND METHODS
Effects of N Fertilization on YB Character On 14 Oct. 1977 , normal kernels from four triticale lines (AM 2871, AM 2059, AM 3769, 6TB 211), and 'Dannie' bread wheat were planted on Decatur silt loam at Huntsville, Ala., in a randomized complete block design with four replications. Each plot consisted of four rows 4.26 m long and 25 cm apart. Plots were treated with 0, 100, 200, and 300 kg N /ha applied as ammonium nitrate. One-half of the N was applied at planting and the remainder at heading. Phosphorus and potassium were applied as basal applications at a 66 kg/ha rate using 0-8.8-16.6 ( -P-K) fertilizer. Measurement of YB was made on 100 kernels from a 699 grab sample harvested from the two middle rows of each replication. Kernels were placed on a light table and separated into YB (opaque) and normal types.
Anatomical Studies
More than 20 triticale lines and varieties grown at Huntsville, Ala., were studied, along with several bread and durum wheats; anatomical data for only one representative triticale line is presented here: Bulk seeds from triticale line AM 2871 were separated into six classes based on YB intensity, as described by Chesterfield and Jacob (1974) . Two of these classes were extreme YB and normal types, and the other four were intermediate classes. The endosperm of plump kernels from each class was fractured at midpoint between the brush end and the embryo. Both sections of the three such fractured kernels were grounded with silver paint to an aluminum stub, gold-coated (3~m) using an lSI Sputter Coater, and examined at 20 kV on an lSI Super II Scanning Electron Microscope (SEM). The prismatic and central endosperm (Simmonds, 1974) and aleurone layer were studied. The cyclone-milled, wholekernel flours from YB and normal classes were also studied using these techniques.
Total Protein
The total protein content of whole-kernel flours (13% moisture) of YB and normal kernels from several triticales and wheats was determined using micro-Kjeldahl (Bremner, 1965) and dye-binding (Udy, 1971 ) methods. Duplicate analyses were done on each cereal line and kernel class (YB or normal).
Amino Acid Analyses
One hundred milligrams of flour were placed in a reflux tube and 20 ml 6 N HC1 was added to the sample. After the tube was flushed for 1 min with N z and covered with a Teflon-coated cap, samples were hydrolyzed for 22 h at 130°C in a vacuum oven flushed with N z . When cool, samples were transferred to a 100 ml beaker, tubes were washed with 10 ml of pH 2.2 sodium citrate buffer, and two 5 ml aliquots of 12 N aOH were added. The sample was cooled, adjusted to pH 2.2 using HC1 or aOH, and diluted to 50 ml with pH 2.2 sodium citrate buffer. After filtration through Whatman #1 filter paper, samples were stored at -7°C (20°F). An aliquot of hydrolyzed sample (1 00~1) containing norleucine as an internal standard was injected into a Beckman 118 B Amino Acid Analyzer for Nitrogen kg/ha 
Total Protein
Protein contents of Nand YB kernels of 24 triticale lines and 5 wheat varieties are presented in Table 1 . MicroKjeldahl analyses indicated 1 to 1.5% higher protein for most samples than did the dye-binding method, reflecting both the high amide and low basic amino acid contents of YB intensity varies with genotype, N-availability, and moisture supply. High magnification (lOOOX) also showed that seemingly normal kernels frequently contain areas characteristic of YB randomly distributed throughout the endosperm, except near the aleurone layer.
Aleurone layers of normal and YB triticale also differed. In normal kernels fracturing occurred through the cytoplasm of aleurone cells (Fig. 3a) , whereas in YB types, fracturing occurred around the cytoplasmic membrane (Fig.  3b) . The cytoplasm and its membrane generally shrank and retracted away from the cell wall more often in YB types than in normal kernels; such shrinkage resulted in either total loss or retention of the aleurone cell contents. In normal kernels aleurone cells fractured clearly (Fig. 3a) , exposing dense cytoplasmic inclusions and aleurone grains. These observations on aleurone cells for AM 2871 typify most triticales studied, but there were several exceptions in which fracturing occurred through aleurone cells for both normal and YB types.
Micrographs of normal triticale flour revealed clumped fragments (Fig. 3c) in which one or more starch granules appeared to be cemented by the protein matrix. Similar observations were made on wheat flour by Simmonds (1974) . The YB triticale flour, however, had numerous free starch granules not adhering to fragments of protein matrix (Fig.  3d) . Such interactions between starch and protein matrix are apparently important in giving wheat flour doughs their unique characteristics.
AM 3769 (4) (5) analysis (Spackman et al., 1958) . The amino acid concentration was expressed as mg/g protein (N X 5.7).
Data from N fertilization were analyzed using regression. Total protein and amino acid experiments were analyzed statistic(:dly using two-way analysis of variance. Means were separated using least significant difference (LSD). The amino acid and % protein data in normal and YB kernels were correlated.
RESULTS AND DISCUSSION

Effects of N-Fertilization on YB Character
Highly significant correlation between YB character and N-fertilization was observed (Fig. 1) . A considerable reduction in YB incidence was observed upon fertilization with up to 300 kg /ha. Based on the intercept values and regression coefficients, the four triticales and one bread wheat could be subdivided into two groups. Triticales AM 2059, AM 2871, and Dannie bread wheat had high incidences of VB, whereas AM 3769 and 6TB 211 had very low incidence of VB, even at the 0 kg N /ha rate. With increasing fertilization, YB incidence decreased among both groups. Triticale 6TB 211 has a different genetic background, since it contains T. timopheevi cytoplasm (Personal Communication with B.C. Jenkins, plant breeder, Salina, Calif., who graciously provided seeds). This may partially explain the very low YB incidence in this line. Nitrogen fertilization has also been found to reduce YB incidence in irrigated Cocorit durum wheat (Robinson et al., 1977) . Our results demonstrated that YB in triticale and bread wheat grown under low soil fertility and high rainfall conditions responded similarly to fertilization.
Anatomical Studies
Anatomical features of six classes of normal and YB kernels of triticale AM 2871 differing in yellow berry incidence are presented in Fig. 2 (a to f) . The extreme YB type (Fig.  2a) is characterized by i) presence of distinct protein bodies, generally 3-5 j.Lm in diam., ii) loosely-held, exposed starch granules measuring 10 to 25 j.Lm, and iii) by spaces between starch granules, which in normal kernels are usually occupied by protein matrix. In normal kernels (Fig. 2f) , protein matrix is tightly packed between starch granules and adheres to them, so that endosperm fracture occurs through starch granules, resulting in a fairly amorphous surface where starch granule boundaries are hardly discernible. In contrast, YB kernels have considerably less protein matrix between starch granules, so that fracturing occurs around starch granules. The kernels in the first three classes (Fig.  2a to 2c) fractured-more or less around starch granules, whereas the three classes with increased protein matrix ( fig.  2d to 2f ) fractured through starch granules. In the latter classes the number of distinct protein bodies also decreased, apparently owing to coalescence into a continuous protein matrix closely associated with the starch. Therefore, when normal kernels are fractured, starch granules also fracture because of their tight entrapment and close association with the relatively denser protein matrix.
The SEM observations of YB and normal kernels from all 20 triticale lines and wheats examined, regardless of genetic background and growth habit, resembled those of AM 2871 (Fig. 2) and those of other reports on wheat (Greer and Stewart, 1959; Simmonds, 1974) . It is apparent from the six classes of YB incidence iHustrated (Fig. 2) that triticale endosperm proteins. Both methods indicated significant differences between YB and normal triticales: normal kernels contained approximately 1.5% more protein than did YB kernels. The differences in protein content between normal and YB kernels were similar in magnitude among triticales, among bread wheats, and among durums. From this study it is evident that YB maldevelopment is associated with reduced protein content in triticale, and that this effect can be observed in winter, facultative (intermediate), and spring triticales.
Amino Acids
Amino acid analyses were conducted on normal and YB samples of 11 triticales and 1 bread wheat. Statistically significant differences between normal and YB were observed primarily for lysine, aspartic acid, and glutamic acid ( Table 2) . On a percent protein basis, normal kernels had significantly higher contents of glutamic acid and aspartic acid than their YB counterparts, but YB kernels of most varieties contained significantly more lysine than did normal kernels. These differences in glutamic acid, asparatic acid, and lysine contents of normal and YB triticales are consistent with their different protein contents: increased protein content in cereals (as in normal triticale kernels) is generally attributed to increased amounts of endosperm storage proteins, which are rich in glutamine and deficient in basic amino acids. Significant correlation (r = 0.7, at the 0.05 level) was observed between glutamic acid and protein in normal kernels, which further substantiates such role of glutamine. Lysine and aspartic acid however, were not significantly correlated.
The amino acid content of YB bread wheat has been studied by Waines et al. (1978) : YB kernels were found to contain more lysine and threonine and less glutamic acid than normal kernels. In our study, significant differences were not observed for threonine. Hubbard et al. (1977) also studied amino acid composition of dark vitreous and yellow kernels visually separated from the hard red winter wheat cultivars 'Centurk' and 'Buckskin'. Dark, hard, vitreous kernels contained more glutamic acid than did yellow hard kernels, whereas yellow hard kernels had higher contents of lysine, aspartic acid, cysteine, alanine, and methionine. In our study normal and YB triticales showed similar differences in glutamic acid and lysine, but differences between the other amino acids were not apparent. These differences between yellow hard red winter wheats and YB triticale can be attributed to numerous dissimilarities, such as dif- ferences in the genome, in the level of hardness, and in the production environment. Visual and anatomical observations, response to increased N, and differences in total protein and certain amino acids, all clearly point to the general similarities of YB wheat and triticale kernels. Considerable anatomical differences exists within normal and YB kernel classes of individual lines. We have also observed in preliminary studies that the magnitude of YB incidence remains approximately the same for each variety in the same environment from year to year. Large-scale screening, particularly for higher protein in triticale germplasm, is needed to identify low YB types. This would provide an impetus for genetic studies of YB and for breeding agronomically desirable rriticales with low YB incidence.
Another paper discusses the biochemical differences in endosperm proteins of YB and normal triticales (Bietz and Sharma, 1983) . Table 2 . Asparatic acid, glutamic acid, lysine in normal (N) and yellow berry (YB) kernels of triticale lines and one durum wheat.
